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season of greatest rain is slightly later and the amount 
is greater at oints favorably situated with respect to the 
sea winds. 8 n  the other hand, places in the rain shadow 
of the mountains receive less rain than on the coast. 

In Bahia the inland type as represented by the station 
Caetit6 is nearly opposite to the coastal ty e in that the 

the least in winter June-August. 
With increasing distance from the Equator the monthly 

distribution tends toward the e uality of the Temperate 

factors are still controlling influences. The three sta- 
tions in Silo Paulo whose gra hs are given in Figure 1- 
slope station about 15 kilometers inland, and Seo Paulo 
on the interior highlands about 50 kilometers inland- 
show a considerable difference in the monthly distribu- 
tion. Santos on the coast has a chief mhximum in 
March, while the slope station, Alta da Serra, has a 
decided maximum in the summer months, Dfcemher to 
February. Tho total annual amount of rain n t  that 
station is, moreover, the greatest reported for any sta- 
tion in Brazil, doubtless due to the topographic factor. 
The concluding group of interior stations beginning with 
.Juiz de Fora and concluding with Cuyaba illustrate the 
characteristics of monthly distribution in the interior 
of the States of southern Brazil. A feature common to 
all of them is a rainy season in summer and a dry season 
in winter. 

greatest rains occur in the months Novem E er-April and 

Zone, although distance from 7l t e sea and topographic 

Santos on the coast, Sl ta  (P a Serra, a seaward-facing 

MAXIMUM PREOIPITATION IN 24 HOURS. 

Voss, speaking of the mhsimum precipitation in 
Brazil for 21, hours, says: 

B far the greatest rainfall within 24 hours fell in the State of S&CI 
Pauro, Brazil, on the eastern slope of the Bern do Mar at an elevation , 
of 330 meters at kilometer No. 23, on the wire-cable railroad Santoe 
to 850 Paulo. Here on March 29, 1S95, a rainfall of 417 millimeters 
(1F.42 inches) occurred. At just double the elevat.ion at kilometer 
25.3, 313 millimeters fell on the same day and at the end of the line, 
elevation SO0 meters, the fall WBB only 61 millimeters (2.40 inches). 

The record of mhximum rains in 24 hours in Doctor. 
Ferraz’s bulletin refers, of course, to the period 1909-10. 
I have summarized the data by States and present the 
results in the table below. The arrangement of States 
is in t.he order of magnitude of the %-hour rains. 

TABLE 4.--Mmimuni precipitatioa i n  24 h i u s  ( b p  Skatss). --- I Amount. I1 I Amount. 

R. Catharina.. . . . . . . . . . 

Amazonas.. .. _ _  __. .. . . . . 
Bahia ______.._......._.. 
Para _________._.____.._.. 
Rio Gmnderlo N __.___._ 
Rio de Janeiro.. . . . .. .... 

- .- -. .- . .- _. . . - . . . . __ -- 
5 Vms Ernat Ludwig, Die Nledersrhlagsverhiltnisse SOdunerika, EWzungsh&t 

No. 157 ketermanns hlitteilungen. 8.30. 

THE ETESIENS. 
By J. S. PARASK~VOPOULOS. 

[National Obrrvatory, Atlims. Greece, May 25, 192.1 

In.tro&udion.-The characteristic n0rt.h winds which ing over 15 years (1900-1914) axid is based on the ob- 
blow during the summer in the region of the eastern servations madc at the Greek meteorological stations. 
Mediterranean, are known as trhe etesiens. The peri- At t,hese stations observations are made three times 
odic nature of these winds has been observed since the daily; at  8 a. m., 2 p. m., and 9 p. m. (Athens mean 
time of the ancient Greeks, their marked regularity time). I have selecbed four stations in the Segean Sea 
being noted by Hesiodus. In  fact, it  is because of t h s  (dndros, Syra, Nasos, Santorin) and three in the Ionian 
c.haracteristic re 1arit.y that they are called etesiens.’ Sea (Corfu, Zante, Ce hallonia). For the station at  

every year.” Aratus has written on t l is  su ject in hls tap aratus. 
Phenomena, from which we quote the following: fable 1 gives the average number of days havin 

When the corn has been hsrvested and the sun is approaching the nort,h winds. I have considered as north winds a 
constellation of Lion, then the etesieps blow wjth their full strength winds between the directions ENE.. N., WNW. 
in the open eea; navigation with o m  ls not possible and I  ant then a I n  esaliiining trhe tabulated result,s, especiallv those large boat. from t.he stations of the Aegean Sea and Athens, 1 found 

Theon, the commentator of Aratus, explained the that these summer north winds fall into two definite 
name in a double way: . periods. The masimum of the first. period, which is 

The eteeiens blow from the time of the morning rising of the con- . also the shorter, occurs during the last 10 days of May 
stellation of Cania Major, during, at the moet, 60 days. They am while the niasinium of the second period takes place 
called etdene either because they blow each y- during certain days, during Jl,l and August. The etesiens are thus divided 
or, more truly, because they are sure to blow when their season comes. 

are high and int.0 two c asses known as prodroms and efes?:en~. Gen- 
the wind stormy. erally speaking etesiens blow from the second 10-day 

period of May until the middle of October, with two the ete&zs.-The method of 
%-hi& etesiens blolv in 

Greece has been &s have divided the month 
into lo-day periods and noted t,he number of days inore intermittant t,han during the second. During 
during which etesiens have blom in each period rather June these winds are interrupted, and not very fre- 

ms method t e contrary? much more stead and frequent but their 
occurrence diminishes continual y throughout September 
and October. This distinction was observed as early 

The name itsel Y means “winds blowing pod ica l ly  Athens I have used o e servations from self-recording 

K 

T that time, large boats am necessary, becauw the 

Characferistie features 
determining t,he pelrod periods Of mRSimm, as just 

During t,he first period t,he ebesiens are less strong and 

than count,in the number of days in ea& month. cuent. In  July and especially in d 4 U P t  they am, on 

9 h as been applied to o~ematiom fl 
1 The etpsiens are known in the Orient under the Turkish name melem. 
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as the time of histotle who writes as follows regarding 
the etesiens:’ 

TABLE 1.-Average number of days with north winds,’ 1900-1915. 

! I  Aegan Sea. 

-~ __ __ - 
a. d .  d .  

Mayl-10 .......... 5.1 5.3 6.3 
4.7 5.1 6.0 
7.2 7.3 8.2 
4.7 5.6 & 7  

!.l 8.4 
5.1 6.5 6.1 

21-30.. . . . . . . . 
Julyl-10 ..._...... i k: #.S S.5 

11-20. - . . . . . . . 8 8  8.4 

A~g.1-10 .......... ! 7.3 9.3 9.3 
11-20 _._...__. j 7.3 9.0 9.2 

21-31 ......_.. I k: l a 3  10.3 

21-31 .._...... ~ . 7  l a 3  10.1 

11-20 __..._.. I 6.4 a 3  7.7 
sept. 1-10.. ....... i r . ~  8.7 L C ~  

2140 ....._.. 7.0 8 0  7.9 
Oet.1-10 ..._._..-., 6.1 6.2 6.7 

11-28 .__...... i 6.7 7.1 7.7 
21-31 ._....... 1 7 . 4  7.1 8.1 

-- 
a. a. 
6.7 6.8 
7.5 5.5 
8.6 7.1 
7.0 5.7 
8.5 5.4 

8.5 7.5 

9.7 9.1 
9.2 s.5 

9.3 8.9 
9.0 7.7 
8.7 a.3 
7.9 7.1 
8.1 7.7 

a9 7.1 

a 3  a 4  
10.7 9.6 

1 ~ 8  iai 

8.7 a 3  

Ionian Sea. 

6.4 9.s 9.9 
8.8 

6.0 P 5  9.9 
8.7 

4.1 6. H 
6.3 

t :  1 8.7 

1 In thls table, winds of directions between ENE.-WNW. have been considered as 
north wlnds. 

That is why during the time of the morning rising of Orion there is 
calm until the time of the etesiens and the prodroms. 

The etesiens blow after the solstice and the morning rising of Binua, 
they do not blow when the sun is neare?t or when it is farthest away; 
they blow during the day and ceaee at rught. 

According to the ancients, therefore, the principal 
etesiens begin simultaneously with the morning rise of 
Sirius, i. e., about the middle of July. Unfortunately, I 
could not find any reference in ancient literature to the 
period of the prodroms, so that in this case wc are 
obliged to draw our conclusions entire1 from our recent 

the following quotation from Aristotle sliows that in d l  
probability the prodroins were confused with the prin- 
cipal Ornithiens winds : 

In the m e  may, after the time of the winter solstice the ordthiens 
blow; these winds are weak etesiene; they blow less and later than the 
etesiens; they begin to blor on the seventieth da because the sun ie 
far away and strengthens them lees; they do not b3bw coutinually like 
the etedene because at that time o:ily the surface frost is melted whereas 
the deeper frozeii parts need more heat. That is why the oriiithieiis 
blow intermittently until the Bummer when the etesiens blow. 

There is of course a variation from year to year in t.he 
beginning and duration of the etesiens but in general the 
dates are as indicated above. Indeed, it occasionally 
happens that the etesiens nre replaced b winds of other 

Table 2, which Iollowa, gives the iiuiiiber of days 
during which etesiens have blown in Athens during the 
y e m  1900-1914, inclusive, and J s o  the distribution of 
the dates in the 10-day periods of the month. 

Prodroms.-According to Table 2 the prodronis blow 
during the end of May and the beginning of June. They 
prevail for one or two weeks at  inost and even then are 
interrupted by winds of local origin. At the end of the 
first 10 days of June t.hey give 1lac.e to t.he sea breeze or 

of July when the real etesiens begin. The end of the 
prodroms is inore abru t than the beginning and they 

The north winds of May are, we would say, rather 
erratic. 

anemometric observations. A carefu 9 esaminnt,ion of 

directions for periods as long as a inont f 1. 

other local winds which yrevai \ until about the middle 

me the niost frequent curing T the last 10 days of May. 

For example, in May we had north winds: 
~~~~ 

1 The Turks r s l l  the piodromq, krraP-mcl;cm, an? tho c~sieris, karpool mdtclll. 
Keras-rhcrry, i e., th:? fruit whi. h is in shasnn duvug the time the prodroms blow. 

firrpooz -waternwli)u. - i. e., the fruit which is plentiful In July and .iugust when thc 
etcslens blow.) 

(1) During the beginning of the month in 1905 and 

(2) Almost continuously during the whole month in 

(3) At intervals during the month in 1908 and 1911. 
(4) During the end of the month in 1904 and 1910. 
(5) Not a t  all during the entire month in 1902 and 

1904. 
This irregularity of the prodroms justifies our opinion 

that they are the ornithiens mentioned by the ancients 
which, accordin to Aristotle, ‘i blow intermittently until 

1907. 

1909. 

the summer sostice B when the etesiens blow.” 

Tanm 2.-Actml number of days of etesiau indthens. 

Etesiew-As we have already noted the ancients con- 
sidered that the beginning of the etesiens occurred about 
the middle of July, simultaneously wit-li the niorning rise 
of Sirius. The accordance of their conclusion with recent 
data indicates their observational abilities. The atmo- 
spheric condition which ives rise to the etesiens and 
which we will discuss a Tittle later develops 
rather than abruptly. About the middle o July it 
reaches a point where it becomes the prevailing condition. 
For this reason the eksiens a t  that tune attain their full 
strength and blow continuously for several days a t  high 
velocity and without interru tion by local winds. 

condition causing the etesiens, these winds are 
but without strength and only at intervals. In  thens, 
for instance, before the middle of July, the etesiens blow 
during the morning and are replaced in the afternoon by 
the sea breeze. 

Brctdually 

During the period of deve P opment of this atmospheric rt 
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not so high as in July and Au st, is rather marked. Mr. 
ler notes that the num r er of days of the etesiens 

k c  real etesiens cease durin the be inning of October 

winds but neither do they show the characteristic fea- 
tures of the etesiens nor do they arise from the same 
atmospheric condition. On the open sea as, for example, 
in the Ae ean, the etesiens are more frequent and more 

often in the summer 
months the sea breeze may bow in Athens while the 
etesiens prevail in the islands of the Aegean reaching 
Attica 10 miles north of Athens. "here are also yearly 
variations in the etesiens. During some years the entire 
month of July or August or September is without etesiens 
and the velocity also is not a constant quantity each year. 

Theophrastus writes as follows on this subject: 
Sometimes the etaiena blow etrongly md continually and eome- 

times lese and at intervals, because the melting becomes abnormal. 

7 ear y is 33 while actually this number often exceeds 50. 

We frequently have during t % l a  's mont , it is true, nor& 

regular t % an in Athens. Jre7 

JULY 

velocity of these winds undergoes a very distinct diurnal 
oscillation, analogous to the oscillation of the sea breeze. 
It is rather strange that the etesiens, although due to 
eneral causea, as we shall see later, present very local 

features, which help to distinguish them from the regular 
north winds. "heir velocit increases almost abruptly 

until the afternoon, when it be ins to decrease until the 

with a very small velocity. 
In  Athens the speed of the etesiens during the daytime 

varies from 5 to 12 meters per second (11-27 miles per 
hour). During Jul and August it often reaches 15 m/s. 

sea t e velocity is hi her. thens it very sel om 
reaches 20 m/s. (45 mi es per hour). During 5 consecu- 
tive days in 1914 (August 9-13) the etesiens blew in 
Athens with the speed of storm winds, having a velocity 
oscillating between 20-21 m/s. (4537 miles per hour). 

in the morning and remains t z e same with small variations 

night. During the night they a 9 most cease or they blow 

H In the "8" durin the time of t % e highest tem eraturc. 

f In  fi 

29. lQll 

FIG. l.-AmodnemograpMc reeord from the National Observatory at Athens for July 29.1911, a day when etesiens were emparimcad. 

MAY 31. 1913 

FIQ. Z.-Anemdnemogrsphic record from the National Observatory 

Direction of the ctesiens.-The difference in tho direc- 
tion of the etesiens in the Ae ean and Ionian Seas was 

follows : 
noted as early as the time o s Aristotle, who wrote as 

The etdens blow in the west part of the country from N. to W. 
IW-Zephyros. Zephyros is really a north wind. b During the d ~ y  the 
direction of the eteaiens ie chauging, beginning with north in the morn- 
ing through NW. until in the evening they blow from the west: i n  the 
eastern part of the country their direction is between N. to E. as f.ar as 
.4peliot1s (=East). 

The direction of the etesiens varies from the Aegean to 
the Ioniltn Sea-that is, the etesiens in the west blow 
from the direcdions N. to W. and in tlie east they blow 
from the directions N. to E. 

Accordin to our observations the estlct clirection of the 
etesiens is 8W. in the Ionian Sea and NE. in the north 
Aegean Sea. In  the southern Aegban Sea the direction 
becomes north (Naxos, Santorini), and near the nort,hern 
consts of Egypt it becomes northwest. This is, of course, 
the direction in the open sea. At the island of Bndros 
(Aemea6 Sea), for instance, the revailing direction is the 
NVf instead of NE., but this is a ue to local circumstances. 
In  Athens the direction of the etesiens is NNE. to NE. 

Velocity and di,urnal o,~cillra.tioia of the ctesiens.-From 
the study of our anemometric data we see that the 

at Athens for May 31,1913, a day when prodroms were axperienced. 

During the night their velocityr was low, as, for example, 
G m/s. on the night of August 9-10. Their maximum 
velocity occurs during the months of their highest fre- 
quency (July and August). 

The diurnal change of their velocity was also observed 
by the ancients. Aristotle writes: 

The etesiens avid the prodroms are weaker duriug the night. 
The etesieris bloe- after the solstice and the morning rising of Sirius, 

they do not blow when the sun is nearest or when it is farthest away; 
they blow during the da and ceae at night. 

Xhy do the etesiens blow alwaya during the same semn and so 
stroagly? And why, when the day ends, do they stop and do not blow 
at night? Is it because tlie snow is not melted hy the sun in the even- 
ing and at night:' dnd they blow fully whe:i the sun begins to melt the 
northern ice. U%en the ice Leghs to melt. the prodroma blow aud 
when it is melted the etesiens. 

It 
varies between 4 and 8 metem per sccontl (9-1s miles per 
hour), sometimes reaching 10 meters per second (223 
miles per hour) at the time of the highest temperature. 
I t  diminishes in the afternoon and vanishes at  night. 

The followiiig graphs of the anemocinemograph at  the 
Observatory of Athens give a clear idea of the diurnal 
variation of the etesieils (Big. 1) and the prodroms 
(Fig. 2). 

In the case of the prodroms the velocity is less. 
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Corlu. 
-- 
wnw. 
se. 
se. 
nw. 
se. 
se.nw. 
nw. 
nw. 
ne. 
w. 

n. 
se. 
SW,l lW 

w. 

5. 

B f m n c e s  between the Aegean a n . d t h  Ionrian Seas.-A 
comparative study of the fre uency of the etesiens in the 
Aegean and the Ionian Seas ln s ows that these winds blow 
simultaneously in both‘ seas. However, the records of 
the station of the city of Corfu show a marked deficiency 
which is due to purely local causes. In  the case of the 

rodroms, there exists a difference between the two seas. 
fn the Aegean Sea the prodroms have their greatest f r e  
uency toward the last 10 days of May, after which they 

Iiminish until about the 10th of June. In  the Ionian 
Sea, the island of Corfu alone has the same distribution 
as the Aegean Sea. As we go farther south in the Ionian 
Sea we find a continuous increase in the frequency of 
north winds from the beginning of May until July and 
August. In  other words, in the records of the southern 
Ionian stations the separation of prodroms and etesiens 
is not apparent,. Examining the run of the isobars on 
southeastern Euro e and the east Mediterranean Sea, we 

in the Ionian and Aegean Seas. In  the Ionian Sea., from 
May to Se tember, i. e., during the time when t-he pro- 

to south without any interru tion, giving an almost 

Table 3 shows that the prevailing winds in Greece are 
the northern ones. Because of this fact i t  is clearl- 
difficult to recogiiize the etesiens, not perha s during 
their rincipal phase, but a t  least during their %e$nning 
and t K eir end. Not infrequently one can be mistaken 
in recording as etesiens simp4 north winds having no 
relation to the etesiens. During the month of A4ugust, 
when the etesiens reach their maximum, there is foryed 
over Ungaria an area of high pressure which renialns 
there, becoming stronger during Sep teniber and joining 
in October the Russian anticyclsne area, forming with it 
an anticyclonic system very characteristic in Greece 
during the winter. Because of this high-pressure are?, 
north winds haring no relation to the etesiens blow in 
Greece. In  ordex to recognize the etesiens it is therefore 
indispensable to study their origin and their different 
features. 

see immediately t f at their dist-ribution is quite different 

droms an 2 etesiens blow, their direction is from north 

continuous rbgime of north win B s. 

ORIGIN OF THE ETESIENB. 

Distribution. qf the atmosphwic presmw.-In winter the 
eastern Mediterranean Sea and the surrounding countries 
are subjected to the influence of two groat centers of 
energy, first the Asintic high-pressure area and second 
the Atlantic area. The distance between 

on the Med~terranean 

During the winter, barometric. LOWS are very frequently 
moving over the Mediterranean from west to east. The 
velocity of displacement of these low-pressure areas is 
sometimes so great that i t  is iinpossible t.0 compare 
isobaric charts made 43 houis a art. If considering oalg 

expect to have in winter on the Greek peninsula ti- con- 
tinuous current of northerly winds, bn t the mentioned 
low-pressure areas change the situation ent<irely; the wind 
system becomes quite irregular and its study difficult. 

In summer the distribution of the pressure undergoes 
an essential change. The Asiatic hiyh-pressure area stdl 
persists, displaced, however, toward the north: it pene- 
trates through the Iberic peninsula jnt,o central and 
southern Europe as far as the Ionian Sea, with a tendelicy 
to form a secondary maximum (762 mm.) north of the 
Grecian peninsula. 

is very grerqt, so that 

the influence of the Asiat,ic hig Yl -pressure area we would 

-- 
nw. 
nw. 

nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
se. 
se. 
IIW. 
nw. 
nw. 

nw. 
lsOn ...... ne. n. 
lWl...... ne. nw. 
190’2 .__... ne. u. 
1803 _._._. ne. nw. 
1904 .__._. ne. nw. 
1905 ___._. no. nw. 
1806 _._._. ne. nw. 
1907 .__.__ nne. n. 
1s(IA ._._.. ne. n. 
1w)s .__.__ ne. n. 

zante 

nw. 
n. 

nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 

nw. 

TABLE 3.-Prevailing urinds. 

W. 

n. I n. n. 
nne. n. n. 
n.  n. n. 
nne. ne. w. 
nne. ne. w. 
n. nc. n. 
nne. n. w. 
nne. n. n,w 
ane. n. n,w 

- 
P* 
tras. 

n. 
n. 
n. 

ne. 
ne. 
ne. 
n. 
ne. 

? 

s1R. 

w. 

W. 
W. 
W. 
U. 

The pressure gradually diminishes from -35’ to +30° 
1atit.ude. In Asia, instead of t.he winter anticyclone, a 
very deep, low area “the proasiatic cyclone” is formed, 
having its center (below 748 mm.) located a t  30° no.rth- 
ern latitude and 65” longitude east from Greenwich, I. e., 
north of eastern Persia. This low area is very well 
known as the origin of the Asiatic monsoon winds. 

During the summer the influence of the Mediterranean 
Sea upon the run of the isobars is very much less than in 
winter. The above two centers of energy which prevail 
durin the summer, i. e., the Atlantlc high-pressure area 

Mediterranean, where in summer disappear the causes of 
the formation of the local areas of low pressure, can not 
modify the regular decrease of the pressure from NW. 
to SE.3 

ressure over the Mecl- 
iterranean is decreasing adual5 from W. to E. and 

metric situation is created, roducin winds blowing be- 

even lon er. The proasiatic cyclone begins to influence 

t.he time when the prodroms begn to blow. At t.h& 
time, however, the low-pressure area is not fully developed, 
and, besides, the Atlantic high-pressure area has not yet 
penetrated into Europe. 

The distance of these two centers is great and their 
mutual influence on the Mediterranean not very im- 
por tan t . 

The proasiatic low-pressuTe area, growin in June, ex- 

the gradient on the Mediterranean is observed. By that 
time the high temperatures of the summer favor the 
production of the local winds which prevail durin this 

and the etesiens become the prevailing winds of the 
eastern Mediterranean. The proasiati? low-pressure area, 
the cause of the Indian monsoons, is the cause of the 
etesiens. In  other words,.we may say that the etesiens 
belong to the same cyc!onic system as the nionsoons. It 
is true that the Atlantic high-pressure area which pene- 
trates into Europe, and the formation of the secondary 
high- ressure north of Greece, do reinforce the etesiens 
but t K eirori in is due to t-heproasiatic low-pressure center. 

Even in g a y ,  where there is no influence of the Atlantic 
high pressure. we notice in Greece the rodronis, signs of 

So. the ete&n.g are not local winds, h i e  to Zzmited a.nd 1oca.l 
ctrri.ses; they belong to the great s stem of the proasiatic 

and t fl e proasiatic cyclone, are close together and the 

During the warm months the 

from N. to S. toward A r  rica, so that a uniform baro- 

tween NW. and NE. unt.il t \ %  e mont of September and 

the east % Iediterranean the later part of May, i. e., a t  

tends toward t.he north while no apprecm % le change of 

month. In  July the two centers are; finally deveoped P; 

the later prevalence of the proasiatic e ow-pressure area. 

low pressure and are connected wit i the Indian monsoons. 
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1915. 
May 14.. ....................... 

15 ......................... 
16.. ....................... 
17 ......................... 
18 ......................... 
19.. ....................... 
20 ......................... 
21 ................ t ....... 

June 1.. ....................... 
2 ......................... 
4 ......................... 
6 ......................... 
7 ......................... 
8 ......................... 
9 ......................... 

3 ......................... 
5 ......................... 

Variation o the atmospheric essure. Diurnal vari- 

of 65 years’ observations in Athens (1839-1903), follows: 
ation of the ve d ocity.-The month r y means of the pressure 

I/ 
to O’C.). 

mm. 
748. W 
750.30 

1 7.53.83 
1753.33 
1 749.87 
1 749.37 
748.27 
748.21 
761.37 
1753.50 

1752.60 

1753.23 
754.17 

1753.23 
1750.67 

1754.20 

1753.a3 

ntm. 
January. ................ 754.45 
February ................ 763.76 
March .................... 751.39 
A ril..... ............... 751.04 dy-. .................. 751.22 
June .................... 750.92 

1915. 
June 10.. ...................... 

11 ........................ 
12.. ...................... 
13 ........................ 
14 ........................ 
15 ........................ 
16 ........................ 
17.. ...................... 
18 ........................ 
19 ........................ 

July 5 .......................... 
6 .......................... 
7 .......................... 
8 .......................... 
9 .......................... 
10 .......................... 

mni. 
July ..................... 749.92 
August ................... 750.38 
September. ............. 752.57 
October .................. 753.74 
November. .............. 754.06 
December.. ............. 753.54 

Pressure 
(reduced 
to O’C.). 

mm. 
1 750.70 
1 7a97 
1751.58 
750.63 
749.67 
749.50 
749.97 

1 752.40 
752.23 
751.37 
751.17 

1752.13 
753.21 

1753.30 
1752.80 
752.27 

As we see from this table, the minimum occurs during 
the summer. At that time the Atlantic hioh pressure 
occupies west Europe, but Greece and &e eastern 
Medterranean are cont,rolled by the proasiatic low 
pressure. The above minimum o$ the barometric press- 
ure coincides with the reatest frequency of the etesiens. 

is almost normal. But, if we examine the 
daily values of it, we find that the pressure increases 
when they blow and it decreases when they stop. 
Ordinarily, the days with etesiens are characterized by 
an increase of the atmospheric pressure. 

TABLE 4.-Mean barometrk prcasure at Athem Ohervatoy. 

Durin the season of t 1 e etesiens the pressure in Greece 
generaly f 

[Height above sea level 33 feet. Mean of observations at 8 hr., 14 hr., and 21 hr.1 

1811. 
July 19. ................................... 

21 .................................... 
22 .................................... 
a4 .................................... 
25 .................................... 
26 .................................... 
27 .................................... 
2R .................................... 
29 .................................... 
30. ................................... 
31. ................................... 

m .................................... 

23 .................................... 

Date. 

c. 
33.0 

30.6 
31.2 

28.2 
30.9 
32.0 
35.0 
28.8 
29.7 
31.1 
2S.6 

30.6 

3o.a 6.4 
6.0 
6.0 
6.6 
8.0 
6.2 
4.S 
5.2 
4.2 

Date. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Seabreeze. 

1 Indicates days of etesims. 

Table 4 gives an idea of the variation of pressure 
for Athens. In making the following explanation of 
this henomenon we have found especial1 useful the 
“Daify Weather Reports of Cairo.” The &gean Sea is 
found, during May and the summer months, to be under 
the influence of the proasiatic low-pressure area, and 
the estesiens blow there almost continually. But in 
continental Greece and the Ionian Sea the gradisnt is 
relatively small. Two causes contribute to reinforce this 
gradient: (1) I n  May the barometric high- ressure area 
of Tripoli (North Africa) which often exten a s toward the 
northeast and, (2) in su.mmcr the Atlant,ic high-pressure 
area which penetrates into Europe as far as the Dmubian 
countries. These two area of high pressure increase the 
barometric pressure over Greece a little during the time 
of the etesiens. Without the existence of these two 
maxima the etesiens would undoubtedly be weaker and 

of the pressure during 
of the graphs of the 
there is no appreciable 

diurnal oscillation. 

was due to the overheating 
coolin durin the night of 
Africay, whic! accordmgly 

aspiration center and during the ni h t  sto s the flow of 
the air coming from the north. & ?I this expla- 
nation seems simple, I do not believe it IS t e correct one. 

On the coasts where the sea breeze is observed, a cer- 
tain time between sunrise and 9 or 10 a. m. is required to 
establish this aerial current in a radius not exceedin 20 
or 30 kilometers. It does not seem reasonable, ther e f  ore, 
to assume that from sunrise until 8.30 or 9 a. m. a stron 
aerial current may be established between the paralles B 
39O and 29” N., i. e., covering a distance of more than 
1,000 kilometers, the difference of the pressure between 
the Lybian Desert and Greece being 1 and 2 mm. during 
the days of etesiens. 

The direction of the radient is west-east. East of 

Minor. The sun, owing to the diurnal revolution of the 
earth, sets first in Asia Minor and afterward in Greece. 
The Asiatic Continent, hot during the day time, cools off 

the clear summer nights. The result is the 
the gradient between it and Greece, and 

weakening of the etesiens. The oppo- 
In  other words, the 

to the reinforcement 
of the etesiens after sunrise and to their weakening after 
sunset, the diurnal range of temperature being greater in 
Asia Minor than in Greece, which is surrounded by the 
sea. If at  any time the local conditions of hurmdity, 
cloudiness, etc., over Asia Minor are such as to prevent 
the normal cooling process during the night, the etesiens 
continue to blow even a t  night almost as strong as during 
the day. 

The meteorological dements dauring the time of ehiem.- 
Since the etesiens blow from the north quadrant they 
become hotter, going more.and more toward the south. 
In  Athens and es ecially in continental Greece, where 

dry, and in spite of the fresh sensation they offer to the 
body on account of the evaporation, the temperature 
during the day is mostly higher than the days when the 
sea breeze blows. 

The results are different in the open sea where these 
winds are real1 fresh, and moderate the temperature of 
the summer. %hey strike the islands as real sea, north 
winds, fresh and very agreeable, without first being 
influenced by the land. 

Greece, at  a distance o P almost 220 kilometers, is Asia 

they have to go t 1 rough the hot continent they mive 

TABLE 5.--Meteorologiwl elonmta at Atherrrr. 

Per E d .  
42 
36 
32 
34 
31 
23 
3ll 
29 
19 
32 
3s 
32 
43 

Sa. m.- .np-l Qp. m., Wind. 

tion. 

mm. 
5.7 Rtasiens. 
6.0 DO. 
6.4 DO. 
6.6 Do. 

The dryness of the 
give to Athens clear skies 
5 gives for Athens the 
days with etesiens, 
(Athens legal time), and the 
water between 8 a. m. and 9 p. m. 



422 MONTHLY WEATHER R.EVIEW. AUQUST, 1922 

Clear skies is one of the outstanding features of the 
etesiens. In Greece, where the prevailmg winds are the 
northern ones, one must give close attention in order to 
discriminate between them and the etesiens. 

A consequence of the dryness is the lack of rain when 
the etesiens blow. Sometimes, but very seldom, the 
etesiens me accompanied b - cloudy sky and bad atmos- 
pheric transparency, as in t Jh e case of sirocco. 

Injezence q i o n  
the vegetatwn. Lportance navigation.-In s ite of 
the vivifyin influence of t e etesiens upon the % uman 
body, due c h 'efly to evaporation, thev are disagreeable 
from another point of view, especiafly in the city of 
Athens. 

Contributing to a great extent to the dryness of the 
soil, they raise by their motion eat quantities of dust. 
Sometimes when the etesiens b T. ow, Athens disappears 
in (L cloud of dust; plants are covered with dust, and 

Phys io lop  in uence of the etesiens. 

very unattractive to stay in Athens. 
the night, when their velocity dimin- 

falls, that it is possible to feel their 
benevolent influence. 

Even in the islands the etesiens are not always ngree- 
able. Their velocity is very often so high that it IS not 
at all pleasant to stay out in the open air. Furthermore 
vemetation suffers very much from t,he etesiens. Not 
o r 8 ~  me the plants covered with dust but they are 
vi0 ently shaken; flowers and leaves are detached as in 
autumn. That is why the inhabitants of the Aegean 
Islands me obliged to take precautions against the 
etesiens, rotecting the orchwd trees by rows of cypresses. 

The ve P ocity of the etesiens in the Aegean Sen is fre- 
quently very high, almost stormy, making navigation 
very dangerous. It is a well-known fact that at  that 
time boats can not approach the harbors of the Aegean 
Islands, because of the very rough sea. 

These winds descending toward the south from the 
mountains become violent and dangerous (fall winds). 

laces known to navigatois are the south 
'coasts Dmgerous of Eu 1 oea, the south coasts of the islands Andros, 
"inos, and Crete, and the rocky coasts of Maleas (south 
Peloponnesus) . 

Ancient history is rich in examples showing clearly 
the prevailing influence of the etesiens upon the corn- 
mumcations and the marine relations of the inhabitants 
of the Aegean Islands. To-day, also, during the season 
of the etesiens, sailboats can not go through the Darda- 

nelles and reach the sea of Marmora and the Black Sea. 
I t  is not uncommon to see a great number of them 
(sometimes over 2001, waiting a t  the island Tenedos for 
a favorable wind in order to enter the Dardanelles. 
In antiquity these winds favored cdonization, being 

of appreciable value to communication between Greece 
and her colonies to the north. During their season it 
was very easy to transport crops from the agricultural 
colonies of the Black Sea as far  as Greece. But, on the 
other hand, they prevented the arrival of help sent from 
Greece to the northern colonies in case of emergency. 
An enemy like Philip of Macedonia, putting forward his 
plans rapidly and secretly, found very great help in the 
etesiens. I t  was really very dan erous and irksome for 

to use the oars. For this reason the ancient Greeks 
observed the etesiens and tried to determine as accurately 
as possible the date of their beginning, their period, their 
interruptions, etc. The etesiens are not limited to the 
Aegean and t-he Ionian Seas. They also blow over the 
Black and the Marmora Seas and mostly over the 
Bos orus. They blow continually during four to six 
seeEs, under a clew sky as far as the coasts of North 
Africa. 

Prediction of the etesiens.-In summer, duiing the 
scnsoii of the etesiens, weather changes in Greece are 
almost unknown. High temperature, clear skies, dry- 
ness, local heat thunderstorms, accompanied sometimes 
by hail, are the general features of .the summer season. 
As soon as the reinforced proasiatic low-pressure .area 
extends as far as the Grecian Seas, the etesiens begm to 
blow over the Aegean Sea and the oriental coasts of 
Greece. These are not, very strong and are interru tal 
by the local winds. Little by little when the Ggh 
pressure over the Danube countries begins to develop, 
the etesiens become stronger and steadier. Their preva- 
lence in Greece is receded by a small, gradual increase 
in the pressure unc r er a clear sky. 
On the Aegean Sea the etesiens blow during almost 

the whole summer, so that we can say that they do not 
nt-ed to be redicted. Their velocity increases with the 
pressure an t; often reaches force 9 of the Beaufort scale, 
when the sea becomes dangerous even for the largest 
boats. So far we do not know any particular local SI ns 
for predictin@ the etesiens. sailois sometimes pre8ct 
the etesicns From little clouds floating over the tops of 
the high mountains. 

the Athenian fleet to sail toward t i e north, being obliged 


